As a growing number of centers worldwide perform deep brain stimulation as a standard procedure, many authors have analyzed its characteristic hardware-related problems. Here, we demonstrate a case of hardware-related painful bone atrophy that highlights the importance of careful cable placement. A 68-year-old female patient with an implanted DBS system presents with pain of the mediosagittal cranial aspect of the head. Upon removal of the DBS system, pressure atrophy of the skull is observed below a compacted cable loop. Postoperatively, the patient reported full alleviation of the pressure sensation and pain.
Background and Importance
Deep brain stimulation (DBS) is an effective treatment option for manifold neurological disorders. It has been established as a standard treatment for several movement disorders such as Morbus Parkinson, dystonia, and essential tremor [6, 7] . Nevertheless, it has also been proven to be effective in other unrelated conditions such as chronic pain [2, 12] and psychiatric disorders [1, 13, 16] . As the number of DBS grows worldwide, so have hardware-related problems associated with the system. As the nature of DBS is rather palliative than curative, tolerance for side effects is low both with patients and physicians alike. In addition, the implantation of a DBS system remains a highly costly intervention. Therefore, by each revision surgery that is performed, costs per case increase rapidly. In order to minimize the occurrence of hardware-related problems, many authors have published analysis of associated side effects and proposed ways to avoid them [5, 8, 9, 11, 15] . Common complications are implant site infections, skin erosions above cable connectors, lead migration or fractures, cable constrictions, and pocket pain.
Pain at the cranial site of the cable loops is not commonly reported by neither patients nor mentioned in the literature. Here, we present the case report of a female patient who suffered from local pain as well as bony pressure atrophy from irritating cable loop placement.
Clinical Presentation
We present the case of a 68-year-old woman from Switzerland. The patient's pain started with burning hemifacial pain that leads to neurovascular decompression of the right trigeminal and glossopharyngeal nerves in 2009. As the pain was again increasing 2 years after the initial surgery, both the trigeminal and glossopharyngeal nerves were redecompressed in 2011. Due to insufficient pain relief, the patient agreed to a bilateral centrolateral ultrasound thalamotomy. Based on the patient's report, the pain increased significantly following thalamotomy. In 2014, the patient underwent a third neurovascular decompression of the trigeminal and glossopharyngeal nerves. Unfortunately, she suffered an iatrogenic right PICA infarction during surgery which resulted in permanent left-sided neuropathic hemialgia. In order to control both the initial and the new pain etiologies, bilateral DBS of the thalamus (four electrodes, two IPGs) was performed in 2014. Secondary diagnosis comprises three discectomies (C4/C5; C5/C6; C6/C7) and dorsal stabilization of the mentioned cervical segments. In order to alleviate the pain following these procedures, a cervical SCS system was implanted but consecutively turned off as no pain relief was achieved. Five years after the patient had the DBS system implanted, she consulted our outpatient clinic for an evaluation of a possible second DBS. After thorough exam, we offered the patient the possibility to perform DTI tractographybased, robot-assisted DBS of the internal capsule. In order to be able to attain preoperative DTI, the two primary DBS systems had to be explanted. The patient's DBS systems as they presented preoperatively are shown in Fig. 1 .
In a first step, the abdominal and infraclavicular incisions for both IPGs were reopened. Both IPGs were connected to one electrode and a blind plug. Upon disconnection of each electrode, the IPGs were removed and the lower electrode pulled up to the infraclavicular pocket. After checking for any remaining material via intraoperative X-ray fluoroscopy (EXPOSCOP 8000, Ziehm Imaging GmbH, Germany), the abdominal incision was closed. In a second step, the previously used coronal incision was reopened. Dissection of the subgaleal plane was complicated by significant scaring around the cable loops. All four electrodes were fixated with two miniplates, which were removed so that the intracranial part of the hardware could be explanted. After removal of the four intracranial leads, the electrodes could be pulled out of the subgaleal scar tissue. At that point, the surgical plane was changed to a subperiosteal plane. The four lead entry points were sealed with bone wax. In the subperiosteal plane, we were able to observe the significant bone atrophy as presented in Figs. 2 and 3 . The atrophy of the bone follows the multilayer cable loop placement put below the scalp and seems to have resulted from high pressure. The location of the cable loops and bone atrophy is equivalent to the location of pain, the patient mentioned beforehand. Through a small incision of approximately 1 cm, the parietally placed cable connectors were released from the subcutaneous tissue and thus the whole system explanted. Fig. 1 Lateral cranial X-ray showing four DBS electrodes with two connectors and two blind ends. Two voluminous, subgaleal cable loops that seem to have resulted in a concave groove of the underlying skull can be appreciated 
Discussion
Hardware-related complications in DBS pose a considerable concern for treating physicians [3, 4, 10] . Such complications often lead to antibiotic treatments and surgical revisions, both of which result in prolonged hospitalization and increased costs. The presented case provides further evidence for the relevance of surgical technique in the prevention of such hardware-related complications in DBS. This case study suggests that multilayered cable loop placement should be avoided epicranially directly below the scalp as the pressure in that plane is significant. In order to minimize the amount of cable in one place upon the cranium, several surgical possibilities exist. Firstly, the cable connectors that are usually placed parietally could be pulled further down in cervical direction. However, certain problems are linked with cervical cable connector placement. Several authors stated the importance of correct cable connector placement in the prevention of skin erosion, lead fracture, and dislocation [11, 14] . Schwalb et al. could observe that cervical cable connector placement leads to more lead fractures and dislocations than parietal placement. The authors mention three patients with cervical cable connector placement, all of which had to have revision surgeries for one of the abovementioned complications. Another way to avoid large cable loops is to use shorter electrodes. In our center, we use one long electrode (40 cm; differing depending on the company) for the side of the head that is opposite to the cable connector site and one short electrode (28 cm; differing depending on the company) for the side of the head that is ipsilateral to the cable connector site. One last way that is efficient in reducing cable loop volume below the scalp is further distribution of the cables. In this patient, a coronal incision with a broad exposure of the cranium was made. In such cases, the cables can be placed in broader loops without overlaying each other. If only small incisions are made for implantation of the DBS electrodes, broader subcutaneous dissection can be effective to make room for cables.
Conclusion
Surgical techniques for hardware placement in DBS vary considerably among authors and centers. However, certain surgical techniques have shown to lead to less complications than others such as parietal connector placement compared with cervical connector placement.
As demonstrated in this case report, we deem it necessary to make room for broader cable distribution below the scalp in order to avoid painful pressure atrophy from multilayered, compacted cable loop placement.
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